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Composition for Indicating the Prevailing Temperatnre 
■ Fidd of the Invention 

The present invention is directed to a thennochromic tenq)erature sensitive 
composition used to detect the prevailing temperature, and particularly, to detect whm the 
temperature is within a particular range. When the temp^ature is within that range, the 
composition imdergoes a color change that is visible to the observer. 

Background of the Invention 

Though compositions which provide an indication of the prevailing teiiq)erature are 
known in the art, and exemplary compositions are described below, these compositions have not 
shown themselves to be satisfactory in all instances, and in any event, there is always a need to 
improve over the existing compositions, and to simplify the way in which they operate. For 
instance, knovm devices may be of a relatively complicated assembly or construction, in that the 
material which provides the physical indication of the prevailing temperature, which ordinarily 
may be a dye or pigment, js isolated in a compartment contained within the housing of the 
device. Also, the dye or pigment may not be temperature sensitive (thennochromic) per se, in 
that the material may change color based upon the change in another physical parameter, such as 
pH. Another drawback is tiiat the devices, by virtue of the indicating material, may indicate only 
a given temperature, which may not be the temperature range desired by the end user. 

The present invention seeks to rectify these shortcomings. 
Description Of The Prior Art 

U.S. Patent no. 5,857,776 discloses a method and a device for monitoring the handlmg 
conditions of at least one object mtended to be handled under catam predetemuned conditions. 
The temperature or the temperature as a function of time of at least one object, is monitored to 
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enable it to retain as much as possible of its ori^nal quality. To this md, a device is inserted into 
the object, or between two objects in a stack of objects, including a substantially flat, dongate 
casing, having a slot-shaped space between two opposed walls of the casing. An elongate slide- 
shaped body removably inserts into the slot-shaped space of the casing. At one end the slide- 
sh^ed body is provided with a technique for indicating, by color change, the absence or 
presence of predetermined conditions. The color diange is thereafter observed visually by 
withdrawing the body that is removably inserted in tiiie slot-sh^ed space of the casing. During 
the visual observation, the color may be suitably conq}ared with a color scale on the slide-shaped 
body. Also, the casing of the device may be prorated at one end. Furthermore, at least the 
portion of the mside of the casing contacting the means when inserted in the casing, may be 
suitably provided with ridges extending in the longitudinal direction of the casing. The device 
includes a temperature sensitive composition which undergoes a pH shift upon freezing. 

U.S. Patent no. 5,788,375 discloses a floating cooking indicator, comprising first and 
second layers with a thermochromic material disposed therebetween, the first layer being 
transparent to permit viewing of the thermochromic material and the second layer including a 
plastic material with lower density particles dispersed therein. 

U.S. Patent no. 5,779,364 discloses a temperature indicator utilizing waxes, low- 
temperature melt metals or polymers attached to a support member that will melt to reveal a 
visible indicia on the support member thereby serving as an mdicator that the product container 
to which the invention is attached has been heated beyond a predetermined stable temperature of 
the product 

U.S. Patent no. 5,695,284 discloses a thaw indicator unit for sensing and permanently 
recording a thawing e?q)erienced by a temperature sensitive food or other itenu The unit has a 
contains of transparent, non-toxic material with a hermetically sealed chamb^ containing a 
frozen color change medium having at least two segments of diffidently colored frozen aqueous 
conq)ositions, the segments being juxtaposed along an int^frice of molecular thickness, and at 
least one of the segments being substantially homogeneously colored differently from at least 
one juxtaposed other colored segment, wherein the colorants are food grade materials, and 
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wh^eby the unit when placed on^ in or in close proximity to the item will record any first 
thawing by way of thawing of the juxtaposed segments and intermixing thereof at least at the 
inter&ce thereof to produce at least a visible section of an intermix of said compositions and 
having a markedly difTerent and readily visible color from that of the juxtaposed segments. 

U.S. Patent no. 5,254,473 discloses an indicator composition and process capable of 
rh^n ging color in relationship to its exposure to a teD[q)erature above and below a base line 
temperature and to the time of the eTcposure. The indicator is deposited as a laya: on the 
substrate, which comprises a dispersion of either a bind^ comprising a reaction inert, neutral 
finely divided absorbent, in the presence of a reactant comprising a salt of an add or an organic 
compound substituted by at least one moiety which, in ionic form, is an anion or a 
binder/reactant, comprising at least one solid organic polymer whose constituent units contain, as 
a covalent substituent, at least one moiety which, in ionic form, is an anioa The mtdicator 
composition is at least one acid sensitive pH dye. The activator is at least one base. This 
composition and process may be utilized to form a solid state device for monitoring integral 
values of time and temperature during storage of perishables. 

U.S. Patent no. 5,215,378 discloses a dual temperature indicator providing visual 
indications when exposed to predetermined high or low temperatures. The indicator has a bulb 
with a capillary tube and an attached high temperature indicator structure. The bulb has a first 
liquid which also fills a predetermined portion of the tube. A separating substance and a second 
miscible liquid ftirther fills a predetermined portion of the remamder of the tube. At a 
predetamined low temperature, the.liquid in the bulb contracts causing the separating substance 
and a portion of the second liquid to move into the bulb to produce a visible color change. The 
high temperature indicator structure has an indicating member in contact with the capillary tube 
end and ^ich provides a visual indication at a predetermmed high temperature when the liquids 
expand upon an envirormiental temperature increase. 

U.S. Patent no. 4,892,677 discloses a process for produdng articles usefiil in monitoring 
the time-teiiq)erature history of perishable items. The process initially involves forming a 
solution comprised of a diacetylenic monoin^ and a solvent. The solution is frozen, and the 
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fix)zen solution having crystalline diacetylemc monomer therein is irradiated to partially 
polymerize the diacetylenic monomer. Partial polymerization of the crystalUne diacetylenic 
monomer admixed vntix frozen solvent jresults in the production of a novel article of manufacture 
having color. The novel article of manufacture is comprised of frozen solv^ diacetylenic 
monomer, and colored polydiacetylene. Due to the intensity of the color of the polydiacetylene, 
the entire article of mami&cture appears to be colored. The colored article of maoufacture may 
be attached to various p^hables to monitor the shelf life of the perishables. Upon exposure to 
temperatures above a critical temperature the frozen solvent melts and extracts imreached 
monomer from the colored polymer, thereby causing a sharp color transition which indicates that 
the perishable should possibly be discarded. 

. U.S. Patent no. 4,829,539 discloses a temp^-ature indicating device which conq)rises a 
plurality of panels in a fixed array. Some of the panels are adapted to undergo a reversible 
change in appearance at a given temperature whereas the remainder are adapted to xmdergo 
irreversible change in appearance at a given temperature. The device is useful in indicating the 
temperature of an object as well as its actual temperature. 

U.S. Patent no. 4,468,137 discloses a temperature indicating device comprising a series 
of liquid crystal cells each of which contains a liquid crystal material having a dififerent 
composition, the composition varying from cell-to-cell, and each of which cells exhibits the 
grandjean state vrfiereby ten^erature is indicated by iridescence of the cells, the cells being such 
that tiie liquid wystal material in each has a clearing point at a different selected temperature in a 
series of temperature in a ten^)erature range of interest and that eadi of the cells is such that its 
liquid crystal material does not revert hnmediately to the grandjean state on cooling from the 
isotropic liquid state wherein the improvement comprises the cells having a construction such 
that the Hqaid oystal material of each cell undoes, on coolmg from the isotropic liquid state, 
tiie transition isotropic Uquid state to focal conic state, witiiout reverting immediately to the 
grandjean state. 

U.S. Patwit no. 4,457,252 discloses a critical tenq)^:ature indicator utili2dng the vohime 
reduction charactmstics of organic compounds as tiiey undergo a change from the liquid state to 



4 



PCTAJSOl/14006 

the solid state. The bulb and a portion of the capillary tube of a thermometer-like structure 
contains a colorless organic compound. Anoth^ organic confound saturated vnih a dye, which 
compound has a solidification temperature lower than that of the colorless conq)ound and which 
is misdble with the colorless compound, is located in the capillary tube and separated from the 
colorless compound by a solid, movable phig or a liquid vMch is immisdble with either the 
colorless or the dyed compound. The vohime of the colorless compound upon solidification is 
less than the vohime of the bulb so that the separating phig or liquid and at least a portion of the 
dyed compound are drawn into the bulb upon solidificatioa The dyed compound then mixes 
with the colorless compound to provide a visual indication that the colorless compoimd has 
solidified. 

U.S. Patent no. 4,299,727 discloses a disposable, reversible thermometer. The 
thermometer comprises (1) a suitable heat-sensitive composition; (2) a suitable matrix-forming 
amoq)hous material; and (3) a suitable film-forming material that is more crystalline than the 
matrix-forming amorphous compound. 

Summary of the Invention 

The principle object of the present invention is to provide a temperature sensing 
composition that provides visual indication of the temperature in the prevailing enviroimient. 

It is a further object to provide a tenq)erature sensing composition that is relatively simple 
to construct and use. 

It is a further object of the invration to provide a tmperature sensing conq)Osition that 
possesses a unitary construction. 

The invention is a t^perature sensing composition comprised of a thennochromic dy^ 
which is dispersed or dissolved in a plastic resin. The resin can be a thermoset such as an epoxy, 
a poljmrethane^ a phenolic or other thermoset^ or it can be a th^moplastic such as polyethylene, 
polypropylene, a polyvinyl chloride, a polyester or other thermoplastic. The temperature saising 
dye changes from colorless to a deep color as the ten^erature falls below 45 degrees Fahrenheit 
The exact temperature of change can be anjnvhere between 35 and 45 degrees Fahrenheit 
depmding on the specific thennochromic dye that is used. As desoibed herdn, it should be 
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understood that the conq)osition is non-disoreet, or in other words, the coizq)osition is of an 
int^ral construction, as the thennochromic dye is dispersed in the resin. 

The invention can be used as an indicator that indicates when the temperature of a 
refrigerator or other food storage container rises above 40 to 45 d^ees Fahrenheit, which is the 
optimum temperature range for storage of food. The material can be applied to a painted or 
unpainted plastic, ceramic, glass or metal substrate which is th^ placed in the refrigerator. 
Alternatively, the material can be applied directly to the r^gerator wall or shelf. It can also be 
applied to the refrigerator as a magnetic strip. 

The invention can also be used with outdoor faucets and valves to indicate that the 
freezing point is approaching. For instance, it can be applied directly to the valve or faucet, or 
the material can be coated on a metal, ceramic, glass or plastic substrate, which can be attached 
to the valve or faucet. In a ftirther embodiment, the present invention is constructed as a flange 
that is affixed to the exterior of attached to the outside of an outdoor faucet and notifies the 
obs^er whether water in the line is approaching the freezing point. The material can also be 
used as a warning method for bridge surfaces or airplane wings, which are subject to freezing 
temperature in cold weath^. The material can be applied dkectly to all or a part of the bridge or 
wing structure or surj&ce, or it can be coated on a m^al, ceramic, glass or plastic substrate to 
provide a visible wamiog device. The material serves as an al^ to the approach of freezing of 
the bridge or wing surface. The device could also be used by farmers or the like to sense and 
warn of oncoming frost or other cold temperatures that could damage crops. 

It has been observed that the present invention can sense the diffidences in the 
temperature of air currents that flow over the device, and thus is very sensitive to temperature 
dififerentials. Specifically, a wave-like pattern visible as a transient color change that flows 
across the body of the device has been observed when the air ctmmt flowing over the device has 
a temperature above or below 42 ^F. This indicates thatthe device is capable of indicating the 
prevailing temperature in localized regions, with satisfactory degree of predsion. 

None of the temperature indicators disclosed in the prior art references cited above 
provide a means for sensing temperatures as disclosed in the present invention in which a 
thermosensitive, ^.e.- thennochromic) dye is dispersed in a matrix forming resin material. When 
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a particular threshold t^p^aCure is reached, the dye component undergoes a'reversible color 
change, that is visible in the temperature sensing composition, informing an observer of a 
pending tenq)erature change. 

Detafled Description Of The Preferred Embodiment 

With the temperature sensing compositions contemplated by the present invention, either 
a thermoset or thermoplastic base resin can be used as the matrix-forming material 
Thermoplastics such as polyethylene, polypropylene, a polyvinyl chloride, and polyesters can be 
used. Thermosets such as polyurethane, phenolics or other thermosets can be xised as welL The 
temperature sensing compositions may be used as a coating which is applied to the surfece of a 
substrate and allowed to cure or dry. The coating system can be solvent-based or neat. The 
solvent can be organic or inorganic. If the thermochromic dye is added to a thermoplastic resin 
the composition maybe used as a temperature s^ing plastic. 

The thermochromic dye can be dispersed into suitable resins such as unmodified epOTdes 
PVC, ABS, or coatings that may be formed by dispersing the dyes into varnishes and coatings, 
such as polyurethane clear coatings. Suitable additives such as hardeners and diluents may also 
be used as needed to improve or ^ihance one or more property of the thermochromic 
compositions. Thermochromic dyes suited for use in the present invention include the 
following: thermochromic powder LD-P, red no. 058TC, Dyancolor Red Poster Scroti Ink, 
thermochromic powder no. 058C8T. Source information is provided in the following examples. 
These thermochromic dyes have been demonstrated to change color in response to temperatures 
within the range of 40"^ to 45*'F. 

In preparing the thermochromic temperature sensing compositions of the present 
invention, the dyes are dispersed into the matrix-forming materials and mixed to acliieve 
homogeneity, a process which usually takes a few minutes. The dispersion can be mixed by 
hand or by machine, such as a blender. Aft^ the coatings have been formulated, they may be 
q>plied to the surfiice of a substrate as a coating and allowed to cure or dry. 
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The following examples are illustrative of the present inventioa 



Example 1 



A general purpose unmodified epoxy resin such as ARALDITE GY 6010 from Ciba 
Specialty Products of Brewster, NY was placed in a container and a modified polyamide-amine 
hardener (Hardener HY 283 from Ciba Specialty Products) was added to it The resin and 
hardener were mixed at room t^rqperature to achieve homogeneity throu^iout To the amine and 
epoxy resin mixture at room temperature w^e added 27.1 grams of Thermochromic Powd^, 
LD-P, Red, #058TC from Color Change Corporation of Addison, IL. The powder is mixed to 
achieve a homogmeous viscous mixture, which is applied to a surface by brushing, troweling or 
dippmg. 

The resins used in this example were chosen to give a liquid mixture with a viscosity and 
pot life suitable for coating a metal, plastic or othw surfece easily. The GY 6010 and HY 283 are 
a common coating resin system used in maintenance and marine coatings on pipes, bridges, 
floors and other industrial or consumer equipment. The resin could be any epoxy resin or mixture 
of epoxy resins. The amine hardener could be an amine hardener or any other hardener 
(anhydride, mercaptan, etc.) suitable for curing the chosen epoxy resin. 

The ratio between the ingredients is chosen to give a pot life of 24 hours to allow 
sufficient time for coating of the substrates. Other ratios of resin and hardener could also be used 
which would have different pot life (longer or shorter). 

The thermodiromic dye is specially chosen to give a tenq)erature range of reaction 
between 41** F and 46** F (5 ^C and 8 **C). This dye (no. 05C8T) is commercially available from 
the Color Change Corporation of Addison, IL. The amount of thermochromic dye used in the 
above example is 2% of the total resin and hardener mixture, but anywhere from 0.5% to 10% 
can be used. A level of 2% was found sufficient to ffve a suitable depth of color for the 
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tei]:q)erature dbange to be very visible. Levels higher than 10% would be uneconomic and 
unnecessary, but would still produce the required color change at the reqmred temp^Bture. 

A thin film of the viscous liquid mixture of resin, hardener and thermochromic dye was 
applied to an ylnmimim coupon and allowed to stand at room temperature overnight The resin 
and hardener mixture with the dye forms a hard film on the ahuninum coupon. The coating on 
the coupon is colorless at room temperature. On cooling the coated coupon to 45 degrees 
Fahrenheit the color of the coated coupon starts to change and at 43 degrees Fahrenheit it 
becomes a deep red which remains as long as the coupon ten^erature is kept below 43 to 45 
degrees Fahrenheit. On wanning the coupon to above 45 degrees Fahrenheit the color of the 
coupon goes back to colorless. The color change is completely reversible any number of times 
the temperature moves in and out of this range. . 

The mixture made above was troweled onto the surface of an outdoor faucet flange and 
allowed to cure overnight. The coated flange was put into the refiigerator and allowed to come 
to a temperature of 43 degrees Fahrenheit. The coated areas of the flange turned a deep apple 
red. On rMioval from the refrigerator the coated areas of the flange became colorless. The coated 
flange was put outdoors and tested every 30 days for 6 months. The coated areas of the flange 
continued to turn a deep red on exposure to below 45 degree Fahrenheit temperature and to lose 
the color on exposure to tenq)erature above 45 degrees Fahrenhdt. 

PVgflinplft 2 

A brass coupon, one inch wide by two and one-half inches long was coated with 
Dynacolor Themochromic Red Poster Screen Ink from Chromatic Technologies, Inc. of 
Colorado Springs, CO and allowed to dry at room temperature. The coated coupon, a light pink 
in color was put in a jar of water and the tempearature of the water was lowered from room 
temperature by the addition of ice. When the temperature reached 42 degrees Fahrenheit, the 
color of the coated coupon began to darken to deep pink. At 40 degrees Fahrenheit the color of 
the coupon changed to a red color vwy distinct from the color seen at' room temperature and 
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above 42 degrees Fahrenheit When the coupon was allowed to rise in temperature above 42 
Fahrenheit the color began to change and it became light pink after reaching 45 Fahrenheit. The 
coupon was placed in the refiigorator where it promptly turned a dc&p red. On removal fiom the 
refrigerator the coated coupon immediately began to lose the red color. On bdng put back in the 
refrigerator it again turned red showing the reversible nature of the color change. 

BIxample3 

A coating system was made from Color Change Corporation Thermochromic powder 
#0S8C8T and a polyurethane clear coat finish. The coating was applied to a brass strip and 
allowed to dry at room temperature. Tlie coating formed a colorless dry film on the brass strip. 
On e?q)0sure to temperature below 45 degrees Fahrenheit the coated area of the strip began to 
change in color and become a deep red at 42 to 43 degrees Fahrenheit On increasing the 
temperature of the coated strip to above 45 degrees Fahrenheit the coated strip lost the color and 
became colorless again. The coated strip could be could be changed in color repeatedly on 
change of the temperature to above or below 45 degrees Fahrenheit 

Example 4 

A formulation was made from 16.2 grams of ARALDITE GY 60610 epo^ resm and 1.0 
grams of ARALDITE DY 025 epoxy diluent The diluent was added to adjust the viscosity of the 
resulting mixture for easy coating. The epoxy mixture was then mixed with 11.3 grams of 
Hardener HY 283 amine hardener. To this mixture of epoxies and amine hardener was added 0.3 
grams of Color Change Corporation Thermochromic Dye #05C8T. The homogeneous mixture 
was poured onto a sheet of aluminum foil and allowed to cure over night. The resulting coated 
aluminum foil was cut into strips and tested for color change. The coated aluminum strips were 
put into a 42 degree Fahrenheit refrigerator and allowed to cool to 43 degrees F. The coated 
aluminum strips turned a deep red. On removal from the refrigerator the coated areas of the 
aluminvun strips returned to the colorless state. A second formulation with 1.28 grams of the 
thermochromic dye was made and coated on the aluminum foil. There was no difference in the 
temperature of color change or the intensity of the color on temperature change. 
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We Claim: 

1. A non-discreet thennosensitive composition providing a reversible visual indication of 
the prevailing tempmture comprised of a thennocbromic dye dispersed ^thin a hardmed 
matrix-forming resinu 

2. The thennosensitive composition of claim 1 wherein the dye undergoes a color change 
within tiie temperature range of 40 to 45°F. 

3. The thermosensitive conq)osition of claim 1 \^erein the matrix forming resin is selected 
from the group consisting of epoxies, polyurethanes, polyamides, polyacrylates, styrenics, 
polyacetals. polyvinyl chlorides, polyvinyl acetates, polyvinyl alcohols, phenoUc resins, ABS 
resins, polyesters, polyolefins, polyamides, fluoropolymers, polyethers, poly(alkylene sulfides), 
elastomers, polyisobutylene, and mixtures thereof 

4. The thermosatisitive composition of claim 1 further comprised of a hardener or a diluent 
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